In July 1995, 40 Montana residents were identified with laboratory-confirmed Escherichia coli O157:H7 infection; 52 residents had bloody diarrhea without laboratory confirmation. The median age of those with laboratory-confirmed cases was 42 years (range, 4 -86); 58% were female. Thirteen patients were hospitalized, and 1 developed hemolytic-uremic syndrome. A case-control study showed that 19 (70%) of 27 patients but only 8 (17%) of 46 controls reported eating purchased (not home-grown) leaf lettuce before illness (matched odds ratio, 25.3; 95% confidence interval, 3.9 -1065.6). Pulsed-field gel electrophoresis identified a common strain among 22 of 23 isolates tested. Implicated lettuce was traced to two sources: a local Montana farm and six farms in Washington State that shipped under the same label. This outbreak highlights the increasing importance of fresh produce as a vehicle in foodborne illness. Sanitary growing and handling procedures are necessary to prevent these infections.
telephone exchange-matched controls for each case were interviewed. Children õ5 years old were matched within 1 year, children 5-9 years within 3 years, persons 10-19 years within 5 years, persons 20-59 years within 10 years, and those ú60 years old within 15 years. Eligible controls had no history of diarrheal illness, abdominal cramps, nausea, vomiting, or fever during July and were living in or near the Missoula and Bitterroot Valleys during the time of the outbreak.
A questionnaire was administered by telephone by trained interviewers to patients and controls or their parents asking about illness, food consumption, shopping and food handling practices, and exposures that have been associated with past E. coli O157:H7 outbreaks. Patients were asked about the 5-day period before the illness began. Controls were asked about the same 5-day period Figure 1 . Possible and laboratory-confirmed cases of E. coli in the week before the interview.
O157:H7 infection, by date of onset, western Montana, July 1995. Laboratory investigation. Stool and serum specimens were Open bar, possible case; light shading, serologically confirmed case; dark shading, culture-confirmed case. collected from patients with illnesses consistent with E. coli O157:H7 infection. Stool specimens were plated onto sorbitolMacConkey agar [9] . Sorbitol-negative colonies selected from sorbitol-MacConkey agar were identified biochemically and serowere entered into a forward stepwise multiple logistic regression typed [10] . Isolates identified as E. coli O157:H7 were subtyped model [18] . by PFGE [11] . E. coli O157:H7 isolates were tested by polymerase chain reaction for the presence of gene sequences encoding Shiga toxins 1 and 2 [12, 13] . Serum samples were examined for antibod-
Results
ies to E. coli O157 LPS by ELISA [8, 14] .
Patient characteristics. We identified 40 laboratory-con- The median age of patients was 42 years (range, 4 -86); 58% Sheep and cow fecal samples were cultured for E. coli O157:H7 were female. Symptoms included abdominal cramping (100%), at Washington State University by previously described methods diarrhea (100%), bloody diarrhea (87%), nausea (78%), vom- [16] . Irrigation water samples were divided into 30-mL aliquots, iting (54%), and fever (35%). Thirteen persons were hospitaland each aliquot was combined with 30 mL of a double-strength ized; a 6-year-old child developed HUS. There were no deaths. concentrate consumption of purchased leaf lettuce, oranges or homemade patients with E. coli O157:H7 infection in the 6 months before July 1995 and 1 isolate from Idaho and 3 from Washington orange juice, and strawberries, only consumption of purchased leaf lettuce remained independently associated with infection
State from symptomatic patients in July 1995. A common pattern (outbreak strain) was identified in 22 of 23 isolates from (P õ .05). Hamburger meat, any ground beef (including hamburger meat), milk, well water, and lettuce handling practices western Montana patients in July 1995. Neither the earlier isolates nor isolates submitted by neighboring states matched in the home were not linked with illness.
Laboratory investigation. Stool cultures from 29 patients the outbreak strain (figure 2). All 23 E. coli O157:H7 isolates tested produced both Shiga yielded E. coli O157:H7. Eight of these patients also underwent serologic testing and had elevated titers to O157 LPS. An toxins 1 and 2 and were susceptible to chloramphenicol, trimethoprim-sulfamethoxazole, tetracycline, ciprofloxacin, naliadditional 11 patients had only elevated titers. The median reciprocal IgG antibody titer to O157 LPS for the 19 serologidixic acid, ampicillin, sulfisoxazole, streptomycin, kanamycin, gentamicin, ceftriaxone, and amoxicillin -clavulanic acid. cally confirmed patients was 320 (range, 160 -640), compared with 56 (range, 40 -80) for the 15 laboratory control serum Traceback. Fifteen patients who recalled eating leaf lettuce were able to provide the names of six grocery stores where samples. Of 29 E. coli O157:H7 isolates, 23 were confirmed as O157:H7 and subtyped by PFGE. Six isolates had been they purchased the lettuce in the week before becoming ill. These six stores had received shipments from three distributors inadvertently discarded. PFGE patterns from these isolates were compared with those of 2 isolates from western Montana who had obtained their lettuce from two shippers. One shipper 
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04-14-98 18:39:54 jinfal UC: J Infect lettuce heads in a basin of tepid water followed by refrigeration in the store's cooler to improve the lettuce's appearance. The basin water was changed infrequently, and numerous cartons and types of leaf lettuce were bathed in the same water. Iceberg lettuce did not undergo crisping. It either arrived at the store wrapped in plastic or was wrapped on the premises.
Discussion
To our knowledge, this is the first reported community outbreak of E. coli O157:H7 infections associated with consumption of lettuce. Eating purchased leaf lettuce was strongly associated with illness; 70% of patients in the case-control study reported consuming purchased leaf lettuce. Identification of produce that is usually eaten raw as a source of E. coli O157:H7 infections has important implications for the growing, handling, and preparation of produce.
Although the traceback investigation was not able to distinguish between the six closely linked farms in Washington and and regions that had received leaf lettuce from the six Washington farms and differences in PFGE patterns between western Montana isolates and those from other states in the same time period. These factors suggest that the contaminated leaf lettuce had received leaf lettuce from a group of six farms located near each other in Washington State who shipped under the had a limited area of distribution. Although it is not known how contamination of leaf lettuce occurred, there are at least same label. Lettuce from these six farms was widely distributed in the northwestern United States (Washington, Idaho, Wyofour possibilities. First, the farm fertilized its leaf lettuce with compost that contained manure obtained from a local dairy. ming, and other regions in Montana) during July 1995. The other shipper was a small local produce grower who supplied Studies of cattle herds have shown that 2.8 -3.3/1000 cattle carry E. coli O157:H7 [19] , and E. coli O157:H7 has been leaf lettuce, herbs, and vegetables to area grocery stores and restaurants.
shown to survive in cattle feces for up to 70 days [20] . Compost at this farm was reported to be aged for 1 year and reached Environmental investigation. The local produce grower began harvesting leaf lettuce on 10 June, becoming fully operatemperatures of 40 -60ЊC. However, if improperly aged compost was contaminated with E. coli O157:H7 and gained access tional on 20 June. Leaf lettuce (red leaf, green leaf, bibb, and romaine) was harvested almost daily, packed unwashed in cardto the fields, it could have directly contaminated the produce, as has occurred in the past [5] . Second, if infected cattle feces board boxes with 24 heads/box, and delivered three or four times weekly to area grocery stores and restaurants. Dairy comwere present in the adjacent uphill pasture, these feces could contaminate either the water used for irrigating the fields (flood posted manure, aged for 1 year, was used as fertilizer. The grower did not own cattle but did raise sheep, which were kept irrigation) or surface water runoff, which could then contaminate the lettuce. Third, since cattle had access to the streams in a nearby pen. The farm obtained its irrigation water from a nearby pond supplied by several streams that passed through above the pond used for irrigating the lettuce, their feces could have contaminated this water directly. Last, feces of other anicattle fields. The grower, family members, and workers denied experiencing diarrhea during the harvest season.
mal reservoirs of E. coli O157:H7, such as the sheep kept on the farm or deer, could also have contaminated irrigation water None of the 37 samples of this grower's lettuce obtained from grocery stores and the field nor 6 samples of water, 4 or the lettuce [21, 22] . Previous outbreaks of E. coli O157:H7 infections have been samples of compost, 3 manure samples, or 58 sheep and cow fecal samples collected from the farm or adjacent fields yielded associated with foods of non-bovine origin. These investigations often found a link between the implicated food vehicle E. coli O157:H7.
Investigation of the six grocery stores where patients had and cattle or cattle feces. Consumption of vegetables from a manured garden caused an E. coli O157:H7 infection in Maine. reported purchasing lettuce did not reveal any areas that permitted contact between produce and raw meat. However, four
The same strain of E. coli O157:H7 was cultured from both the patient and manure from the garden [5] . In 1991, an outbreak of (67%) of the six stores followed a leaf lettuce handling practice known as ''crisping. ' curred among batches of lettuce. The latter possibility may have been facilitated by the practice of crisping, since numerous batches of leaf lettuce were processed in the same water.
Since the infectious dose of E. coli O157:H7 is small (õ1000
